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ABSTRACT 
A sys t ema t i c  approach has  been developed f o r  eva lua t ing  t h e  b a s i c  s a f e t y  
parameters  of h igh  power l i t h i u m  soluble-cathode c e l l s .  This  approach con- 
sists of performing a s e r i e s  of t e s t s  on each c e l l  model during t h e  des ign ,  
pro to type  and product ion phases.  Abusive t e s t i n g  is  performed i n  a f a c i l i t y  
where maximum p r o t e c t i o n  is given t o  t e s t  personnel .  
INTRODUCTION 
Lithium c e l l s  w i th  spirally-wound anodes a r e  used ex tens ive ly  i n  app l i -  
c a t i o n s  where h igh  power is requi red .  These c e l l s  have t h e  c a p a b i l i t y  of 
d e l i v e r i n g  h i g h  cu r ren t  d e n s i t i e s  a s  a func t ion  of t h e  anode s u r f a c e  a rea .  
I n  designing and f a b r i c a t i n g  high-power c e l l s ,  cons ide rab le  a t t e n t i o n  must 
be  given t o  t h e  eva lua t ion  of s a f e t y .  
While a l l  of t h e  c e l l s  of t h i s  t y p e  manufactured a t  our  f a c i l i t y  a r e  
pro tec ted  by e x t e r n a l  f u z e s  aga ins t  s h o r t - c i r c u i t i n g ,  cons ide ra t ion  must a l s o  
b e  given t o  t h e  behavior  of t h e  c e l l s  under a v a r i e t y  of abus ive  condi t ions .  
A system has  been e s t a b l i s h e d  f o r  eva lua t ing  new c e l l  models during t h e  
design,  pro to type  and product ion  phases.  C e l l s  a r e  s u b j  ected t o  some abus ive  
cond i t i ons  which may poss ib ly  b e  encountered during usage. I n  a d d i t  ion,  c e l l s  
a r e  a l s o  evaluated under cond i t i ons  of severe  abuse which may cause  ruptur ing  
and r e l e a s e  of t h e  c e l l  conten ts .  In  some cases ,  t h e  sudden r e l e a s e  of 
energy may b e  of cons iderable  fo rce .  
A l l  of t h e  abus ive  t e s t s  on our  c e l l s  a r e  done i n  a s p e c i a l  f a c i l i t y  
t h a t  w a s  designed t o  g i v e  maximum p r o t e c t i o n  t o  t h e  t e s t  personnel and 
equipment . 
DISCUSSION 
I. FACILITY DESCRIPTION 
The abus ive  t e s t  f a c i l i t y  c o n s i s t s  of s e v e r a l  t e s t  bays which have 
re inforced  conc re t e  w a l l s ,  heavy s t e e l  e n t r y  doors ,  blow-out wa l l s  and h igh  
volume exhaust systems. 
Feed-through p o r t s  a r e  provided f o r  cab le s  and sensor  w i re s  so  t h a t  
measuring equipment can b e  loca t ed  o u t s i d e  of t h e  t e s t  bay. Alarm beepers  
a r e  a l s o  a c t i v a t e d  t o  s i g n a l  t h a t  a t e s t  i s  i n  progress  and t o  warn personnel  
about en t e r ing  t h e  t e s t  bay. 
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I n  add i t i on ,  eacy bay has  a t h i c k  laminated g l a s s  window which permits  
d i r e c t  viewing and v ideo  record ing  a s  t h e  t e s t  is  being conducted. 
Severe abus ive  t e s t s ,  where t h e  f u l l  energy of t h e  c e l l  o r  mu l t i - ce l l  
b a t t e r y  pack may be  r e l ea sed ,  a r e  r e a d i l y  and s a f e l y  contained i n  t h e s e  test 
bays. 
Some of t h e  types  of s eve re  abuse t e s t s  which a r e  conducted a r e :  
*puncture 
*crush  
* i n c i n e r a t  ion  o r  rap id  hea t ing  w i t h  e l e c t r i c a l  hea t  t a p e  
'charging a t  h igh  rates 
of orced overdischarge a t  h igh  rates 
11. SYSTEMATIC APPROACH TO SAFETY TESTING 
A. DESIGN PHASE 
The eva lua t ion  of s a f e t y  parameters and margins s t a r t s  dur ing  t h e  des ign  
phase of new models. 
Af t e r  c e l l s  a r e  f a b r i c a t e d  by t h e  Research and Development s c i e n t i s t s ,  
they  a r e  subjec ted  t o  s h o r t - c i r c u i t  t e s t i n g  us ing  shunts  t h a t  apply a 
r e s i s t i v e  load of l e s s  than  . O 1  ohms. Current and temperature a r e  monitored 
dur ing  t h e  t e s t  t o  c h a r a c t e r i z e  behavior .  I n  add i t i on ,  c e l l s  a r e  discharged 
at h igh  and moderate r a t e s ,  wh i l e  c u r r e n t ,  v o l t a g e  and temperature a r e  moni- 
to red .  I n i t i a l  f o r c e  d i scha rge  t e s t s  are a l s o  performed t o  (prove/eva lua te)  
t h e  b a s i c  c e l l  design.  
The r e s u l t s  of t h e s e  t e s t s  a r e  used t o  eva lua t e  t h e  s a f e t y  of t h e  b a s i c  
design and t o  determine i f  t h e  c e l l s  a r e  e s s e n t i a l l y  q u a l i f i e d  t o  b u i l d  and 
handle. A t  t h i s  s t age ,  t h e  r e s u l t s  of t h e  t e s t s  may b e  used t o  change o r  
improve t h e  des ign  (TABLE I ) .  Also, p re l iminary  ske tches  of c e l l  components 
a r e  made and t r a n s f e r r e d  t o  engineering.  
B. ENGINEERING PROTOTYPE PHASE 
Af ter  t h e  design of t h e  model has  been e s t ab l i shed ,  Engineering proto- 
types a r e  f a b r i c a t e d .  These u n i t s  a r e  b u i l t  w i t h  product ion equipment and 
t o l e r a n c e s  and t h e  s a f e t y  t e s t i n g  a t  t h i s  phase c o n s i s t s  o f :  
*maximum cur ren t  d i scha rge  a t  maximum ope ra t ing  temperature 
* s h o r t - c i r c u i t i n g  w i t h  and without  f u z e s  
*DOT-E-7052 requirements of a l t i t u d e  s imula t ion ,  thermal  s t a b i l i t y ,  
v i b r a t i o n  t e s t i n g  
*force-discharge a t  moderate r a t e s  
*drop t e s t i n g  ( f i v e  f e e t  onto a meta l  p l a t e )  
* f u l l  drawing packages a r e  prepared a t  t h i s  t ime 
The r e s u l t s  of t h i s  s e r i e s  of t e s t s  determine i f  t h e  u n i t  is q u a l i f i e d  
t o  s h i p  and t o  b e  used s a f e l y  under t h e  condi t ions  descr ibed  on t h e  c e l l  
l a b e l .  
Standard d i scha rge  tests a t  s e v e r a l  r a t e s  a r e  a l s o  done t o  determine 
t h e  normal c e l l  performance, bu t  a  primary focus of a l l  t e s t i n g  is t o  
e s t a b l i s h  t h e  s a f e t y  of t h e  design.  
During t h i s  phase, s eve re  abus ive  t e s t s  such as crushing,  i n c i n e r a t i o n  
o r  h igh  r a t e  hea t ing ,  puncture and charging may b e  done t o  f u r t h e r  charac- 
t e r i z e  t h e  s a f e t y  t o l e r a n c e  of t h e  design (TABLE 11). 
C. PRODUCTION PHASE 
The s a f e t y  parameters and margins were s tud ied  during t h e  des ign  and 
engineering phases f o r  t h e  p a r t i c u l a r  models which were made by we l l  def ined 
s e t s  of processes  and s p e c i f i c a t i o n s .  
I n  o r d e r  f o r  t h e  s a f e t y  t e s t  r e s u l t s  t o  be  v a l i d ,  it must b e  determined 
t h a t  c e l l s  a r e  made c o n s i s t e n t l y  and t h a t  processes  do not  va ry  ino rd ina t e ly .  
I n  our system, s t a t i s t i c a l  q u a l i t y  c o n t r o l  techniques a r e  used. These 
techniques inco rpora t e  t r end  c h a r t s  and o t h e r  ana lyses  t o  a s s u r e  t h a t  
processes  a r e  not  s u b t l y  changing, thereby  r e s u l t i n g  i n  c e l l s  t h a t  d e v i a t e  
from t h e  design which had been thoroughly cha rac t e r i zed  during t h e  previous 
phases. 
I n  some cases ,  processes  may be d e l i b e r a t e l y  changed i n  o r d e r  t o  e f f e c t  
cos t  improvements, e f f i c i e n c i e s  e t c  . When changes a r e  made o r  contemplated 
it becomes a  r e s p o n s i b i l i t y  of t h e  Engineering and R e l i a b i l i t y  groups t o  
q u a l i f y  t h e  change. Th i s  o f t e n  r e q u i r e s  t h a t  s a f e t y  t e s t s  be  repea ted  and 
a new s a f e t y  assessment b e  made be fo re  t h e  change i s  incorpora ted  o r  c e l l s  
a r e  put i n t o  use.  
I n  a d d i t i o n  t o  t h e  s tandard  d ischarge  t e s t s ,  c e l l s  a r e  s t o r e d  f o r  
v a r i o u s  per iods  of t ime and under vary ing  environmental cond i t i ons .  Per i -  
o d i c a l l y  t h e  s to red  c e l l s  a r e  t e s t e d  under cond i t i ons  of normal and abus ive  
t e s t s  t o  eva lua t e  behavior  and s e n s i t i v i t y  over an extended per iod  of t ime 
(TABLE 111).  
SUMMARY 
Lithium s o l u b l e  cathode c e l l s  go through ex tens ive  s a f e t y  assessment 
us ing  a  sys temat ic  approach. This  approach has  r e s u l t e d  i n  c e l l s  and des igns  
which a r e  w e l l  cha rac t e r i zed  i n  terms of s a f e t y  and performance. 
Abusive t e s t s  a r e  performed i n  a s p e c i a l  f a c i l i t y  where a  maximum 
amount of p r o t e c t i o n  is given t o  t h e  t e s t  personnel .  Th i s  f a c i l i t y  permits  
t e s t i n g  t o  be done on c e l l s  and b a t t e r y  packs where they  a r e  d e l i b e r a t e l y  
abused beyond t h e i r  l i m i t s  thereby r e l e a s i n g  t h e f r  f u l l  energy. 
By analyzing t h e  r e s u l t s  of t h e  normal and seve re  abus ive  t e s t s  s a f e t y  
margins can b e  e s t a b l i s h e d  and des ign  improvements can be  made. 
The test r e s u l t s  a l s o  form a  base  l i n e  of d a t a  so  t h a t  comparisons can 
be  made p e r i o d i c a l l y  between t h e  product ion c e l l s  and t h e i r  p ro to types .  
I n  add i t i on ,  q u a l i t y  and process  c o n t r o l  techniques  are used i n  t h e  
product ion phase t o  a s s u r e  t h a t  t h e  b a s i c  des ign  and processing i s  being 
maintained.  A s  a  r e s u l t ,  t h e  s a f e t y  and performance t e s t i n g  r e s u l t s  remain 
v a l i d  throughout t h e  product ion  phase. 
Where changes a r e  introduced i n  t h e  processing of c e l l s  and components, 
they  are q u a l i f i e d  by repea t ing  s a f e t y  t e s t s  and updat ing t h e  base l ine .  
Table I .  DESIGN PHASE FOR NEW MODELS 
I-& DESIGN N r  MODEL 
FABRICATE TEST CELLS 
PERFORM TEST l NG 
SHORT- HIGH RATE FORCED OVER- OTHER 1 CIRCUIT DISCHARGE DISCHARGE ABUSIVE TESTS 
a 1 ANALYZE TEST RESULTS 
QUALIFIED TO BUILD 
TRANSFER DESIGN TO ENGINEERING 
Table 11. ENGINEERING PHASE FOR NEW MODELS 
--I BUILD ENGINEERING PROTOTYPES 1 
PERFORM TESTING 
r r  I 1 
MAX.CURRENT/ SHORT- 001-E 7052 FORCED- OTHER 
MAX.TEMP. CIRCUIT *ALTITUDE OVER ABUSI VE 
I *ELEVATED DISCH. TESTS TEMP. *VIBRATION 
EVALUATE TEST RESULTS 
QUALIFIED TO SHIP AND USE 
Table 111. PRODUCTION PHASE OF NEW MODEL 
PRODUCE NEW MODEL 
TEST PRODUCT ION SAMPLES 
I I I 
DISCHARGE AT LOT CERTIFICATION LONG TERM 
MODERATE RATE ON SELECTED STORAGE 
MODELS 
*SHORT CIRCUIT 




*FUZE TEST RETEST 
QUALITY/RELIABILITY REVIEW 
RELEASE TO SHIP 
